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Introduction and aims: To investigate relationships between smoking-related behaviours and 
knowledge of the disease risks of smoking and the causes of smoking harms, using a four-
way division of “component causes”: nicotine, other substances found in unburned tobacco, 
combustion products of tobacco, and additives.  
Design and methods: The data were collected using an on-line survey in Australia with 1047 
participants in three groups; young non-smokers (18 to 25), young smokers (18 to 25) and 
older smokers (26 and above).   
Results: Most participants agreed that cancer and heart disease are major risks of smoking 
but only a quarter accurately quantified the mortality risk of lifetime daily smoking. Very few 
(2 of 1047) correctly estimated the relative contributions of all four component causes. Post-
hoc analyses reinterpreting responses as expressions of relative concern about combustion 
products and nicotine showed that 29% of participants rated combustion products above 
nicotine. We delineated six relative concern segments, most of which had distinctive patterns 
of beliefs and actions. However, higher levels of concern about combustion products were 
only weakly positively associated with harm reducing beliefs and actions. 
Discussion and  conclusions: Most smokers do not appear to understand the risks of 
smoking and their causes well enough to be able to think systematically about the courses of 
action open to them to reduce their health risk. To facilitate informed decision-making, 
tobacco control communicators may need to better balance the dual aims of creating 
fear/negative affect about smoking and imparting knowledge about the health harms and their 
mechanisms. 







Smokers in countries with long histories of anti-smoking education generally know that 
smoking is a major cause of lung cancer, heart disease, and respiratory disease and that 
smoking substantially reduces life expectancy.(1, 2)  Around 95% of smokers in Australia, 
Canada, the United Kingdom and United States agree that smoking is a major cause of lung 
cancer.(3) However, smokers know far less about the full range of health impacts., and m 
Most are unaware of quantitative estimates of the health-related harms of smoking(4) or do 
not believe such estimates apply to them personally.(5)  
Less is known about smokers’ understanding of the mechanisms by which smoking 
causes disease. However, recent studies have found widespread misunderstanding about the 
sources of harmful smoke constituents. M many smokers believe toxic chemicals are directly 
added to cigarettes, and only a minority understand that most of the harm from smoking is 
due to tobacco combustion.(6-10) Many smokers also and many overestimate the 
harmfulness of nicotine.(11, 12)  For example, Brewer and colleagues (6) reported that, 
across three surveys in the US, more smokers incorrectly believed that most of the harmful 
chemicals in cigarette smoke come from substances added to cigarettes by the tobacco 
companies than correctly believed they are mostly produced from burning tobacco. 
In this paper, we further investigate Australian adult smokers’ understandings of the 
causes of harms from smoking and how this affects their thinking about related matters, 
including using other nicotine-containing products such as pharmaceutical nicotine 
replacement products (NRT) and nicotine vaping products (also called e-cigarettes). The 
research was guided by the Mental Models framework for risk perception.(13-16) Mental 
Models research is concerned with discovering what individuals currently know about a 
specific risk, and whether this knowledge is sufficiently integrated to inform practical  
decisions. (i.e., whether it has attained at least the level of This level of integration is called 
“practical knowledge” in Bloom’s typology of learning attainments, which traces learning 
from the simple ability to recall facts through increasingly systematic organization of the 
knowledge held and increasing ability to apply that knowledge to solving practical problems 
(17)).  




1. combustion products of tobacco, which are the main source of harm from smoking, 
contributing well over half of the risk (18, 19); 
2. toxic substances found in unburned tobacco that are transferred to smoke (these 
can vary markedly in concentration but contribute well under half of the risk of 
combustion products) (20, 21);  
3. additives (i.e., substances added to the tobacco by the manufacturers, including 
flavourings), which, in most cases, only constitute a small fraction of the weight of 
the tobacco rod (ie: tobacco, plus additives), and their small direct contribution to 
harm is generally through combustion and formation of new compounds (19, 22);    
4. nicotine, which is a small direct contributor to the harms of smoking, although it 
plays a crucial indirect role in sustaining the behaviour over the years required for 
exposures to cumulate to produce the main health harms.(20, 21, 23, 24) 
Brewer and colleagues (6) employed a similar three-way division of component 
causes of harm from smoking, but they did not separatedistinguish nicotine from other 
substances occurring naturally in tobacco.  
Lack of knowledge of the risks posed by these four component causes, particularly in 
terms of their relative magnitudes, could undermine smokers’ efforts to protect their health. 
For example, overestimating the harm from nicotine may deter smokers from using nicotine 
replacement therapy (NRT) to quit smoking.(25) It might also prevent them from considering 
using an alternative form of nicotine delivery.  
 Our recent qualitative research (26) found widespread lack of poor understanding of 
the causes of harm from smoking. , although several participants did mention all four of the 
above-described component causes. However, tThere was also a striking failure by some 
participants to use  their general knowledge of smoking harms when they made harmfulness 
judgements about specific tobacco and nicotine products. Instead, tThey frequently used 
affect-based heuristics,(27, 28) including use of “quality”, “naturalness”, and “liking” as 
markers of lowerreduced harm, and “strength”, “bad taste”, “harshness”, and “dislike“” as 
markers of increased harm. Their knowledge was not used in making these judgements. 
AAccording to dual process theories, (29, 30) this may be because the knowledge was not 
sufficiently affectively salient to be accessed when the judgements were being made.    
In this paper, we  further investigate adult smokers’ and non-smokers’ general 
knowledge of the disease and mortality risks of smoking, and their ability to quantify the 
relative contributions of the four component causes described above. We had five main 




1) Only a minority of participants will be able to accurately estimate the relative contributions 
of the four component causes of harm, and 
2) this more informed group will also have better knowledge of the harms of smoking. 
Further, amongst  current smokers and recent-ex-smokers,  
3) those with accurate knowledge of the causes of harm will be more likely to have quit 
smoking , or if currently smoking, to have made recent quit attempts, and 
4) will be more likely to be vaping; and 
5) will hold more positive views about using non-combusted nicotine products.  
 
METHODS 
Participants, recruitment procedure and rationale 
 The survey was completed in March/April 2016, using a population representative 
Australian on-line panel with 176,255 members, and was conducted by the Social Research 
Centre, a subsidiary of the Australian National University which provides research services 
for public interest projects (see www.srcentre.com.au for more details). Potential participants 
were informed that the study was about smoking and quitting, was open to both smokers and 
non-smokers, and was being conducted by the Cancer Council Victoria. Those completing 
the survey were paid for their time by the panel owner. 
The survey was conducted as part of a larger study exploring how beliefs about 
smoking-related harms affect practical choices, with a focus on beliefs affecting choices to 
vape.  Accordingly, wWe focused on segments of the population most likely to change their 
smoking/vaping behaviours: current smokers (who might choose vaping as a harm reducing 
alternative), recent former smokers (who might choose vaping as a means to avoid relapsing 
to smoking)), and young non-smokers (who had so far never smoked but might possibly vape 
in the future). We assumed that older non-smokers had a low likelihood of taking up either 
smoking or vaping and  so concentrated available resources on recruiting participants from 




Recruitment involved sending  There were34,492 invitations to participate. There 
were and 4,907 responses before recruitment ceased on day two (when the two quotas of 
more than 500 participants aged under 26 and more than 500 participants currently smoking, 
or vaping or who had recently quit had been exceeded). We received completed surveys for 
1056 participants, but only and included 1047 for analysis, after dropping two who did not 
confirm their smoking status, and respecifying the inclusion criteria for the two smoker 
groups to  current smokers or ex-smokers who had quit within the previous 2 years (thus 
excluding any older vapers who had quit smoking more than two years ago). The final 
numbers in the three participant groups were:   
A. 337 younger non-smokers aged 18 to 25 (174 female, 163 male, mean age: 21.7, 
SD: 7.7). All self-reported that they had never smoked regularly. 
B. 313 younger current smokers or recent quitters (<= 2 years), aged 18 to 25 (107 
female, 206 male, mean age: 22.0, SD: 6.5).  
C. 397 older current smokers or recent quitters (<= 2 years) aged 26 and above (162 
female, 235 male, mean age: 48.6, SD: 14.1).  
Measures: 
Smoking and vaping status: For the analyses, cCurrent smoking status was categorised as: 1) 
daily, 2) less than daily, 3) quit for less than 2 years; and 4) never smoked/quit for more than 
2 years. Vaping status was categorised as: 1) daily, 2) less than daily, 3) any past use, and 4) 
never used (including “can’t say” responses).  
Smoking status was determined by asking: “How often , if at all, do you 
CURRENTLY smoke cigarettes?,” with response options: “daily” and, “less than daily but 
more than weekly” plus “less than weekly” defining the two current use categories. Non-
current smokers (who had answered ‘not at all” to the previous question) were asked if they 
had ever smoked regularly, and those who had were asked: “When did you finally stop 
smoking?” with response options: within the last month, 1-3 months ago, 4-12 months ago, 1-
2 years ago, combined to define recent quitters, and with longer intervals only relevant for the 
non-smoker group. 
Vaping status was: 1) any current use, 2) any past use, and 3) never used (including 




Knowledge of smoking disease/mortality harms: We asked: “To what degree do you believe 
the following statements are true or false?”: “Smoking is a major cause of cancer”  
and “Smoking is a major cause of heart disease.” The response options for these two items 
were: 1, definitely true; 2, probably true; 3, probably false; 4, definitely false, and 5, can’t 
say. We accepted responses 1 and 2 as correct. We also asked: “What is a long-term smoker 
most likely to die of?” with response options: a disease caused by their smoking, a car 
accident, a disease caused by drinking too much alcohol, a disease caused by eating a poor 
diet, some other cause, and can’t say. We also asked a quantitative question: “How many life-
long smokers out of 100 will die prematurely from a smoking-related disease?” Participants 
were required to type in a number. We accepted answers of  between 40 and 70 as correct, 
encompassing both current expert estimates of  two in three and earlier estimates of one in 
two.(31, 32) 
Knowledge of component causes of harm: We asked: “How much of the disease caused by 
cigarette smoking comes from the following?”: a, the nicotine in tobacco ; b, other harmful 
substances that occur naturally in tobacco;  c, harmful substances that are produced when the 
tobacco burns; and d, substances that are added to cigarettes during the manufacturing 
process.” The response options were: 1) none or very little; 2) some but less than half; 3) 
around half; 4) more than half; 5) all or nearly all of it; and 6) can’t say. Responses accepted 
as correct were: 1 and 2 for both nicotine and additives, 2 and 3 for other harmful substances 
in tobacco, and 4 and 5 for combustion products. The item order was the same for all 
participants, as they appear in a logically dependent order.  
Comparative ratings of products with respect to a reference cigarette: Using the most 
popular Australian cigarette (Winfield Blue) as the referent, participants rated perceived 
harmfulness of vaping products with and without nicotine, nicotine gum and nicotine 
mouthspray on a 0 to 10 scale ranging from “much less harmful” to “much more harmful” 
with the reference cigarette sitting on 5. There was also a “can’t say” option.  
Other measures: We asked: “How important to YOU are the following sources of 
information for making decisions about health related behaviours, such as smoking, diet and 
exercise and alcohol consumption?” We asked about eight information sources in the survey 
but only “information from medical researchers” was analysed here.  
Revised measure of understanding (relative concern): Only a very small number of 




which meant we could not test Hypotheses 2 to 4 in their original forms. Previous research by 
one of the authors demonstrated that responses to quantitative questions about risk or harm 
are sometimes made in relative terms reflecting concern (ie: people are asked “how large is 
this particular risk?” but answer in terms of how concerned they feel about the particular risk. 
(4) Thus response of “all or nearly all” for a particular component cause would represent very 
high levels of concern about it, and “little or none” would represent very low levels of 
concern. We focused on the comparison between nicotine and combustion to generate the 
derived variable of relative concern, as this comparison was central to Hypothesis 4.    
We divided the participants into six segments defined as follows: 1) combustion rated 
higher in risk than nicotine by two or more response categories (or “can’t say” to nicotine) 
(“clearly combustion”); 2) combustion more concerning by one response category 
(“marginally combustion”); 3) nicotine more concerning than combustion (“nicotine most”); 
4) the same rating of “more than half” or more for both (“over-concerned”); 5) the same 
rating of “around half” or below for both (“under-concerned”); and 6) “can’t say” for both  
(“disengaged”). The final group is called disengaged, because anyone engaged with the issue 
would be expected to have a view and our working hypothesis was that this segment actively 
avoids thinking about the harms of smoking. 
Data analysis 
All analyses were conducted using Stata version 14. Young smokers (Group B) are used as 
the reference group for comparisons with the young non-smokers (A vs B) and older smokers 
(B vs C). The rationale is that Groups A and B differed on smoking status but shared age 
range, whereas Groups B and C differed on age but shared smoking status (allowing 
comparisons between younger and older smokers). We used chi-squared tests to determine 
differences between groups for categorical variables. For disease and mortality risk items, we 
used logistic regression models of accurate responses versus others, with odds ratios and 95% 
confidence intervals calculated, controlling initially for gender and education level. 
As the proportions of participants in the six segments did not differ significantly between the 
two smoker groups, they were analysed together for the post-hoc analyses. Because the 
disengaged segment accounted for many significant differences when all six segments were 
compared, we calculated χ2 measures for that segment versus the rest, along with 
comparisons amongst the other five segments (henceforth referred to as the “main five”). 









Demographics, current smoking and vaping, and quit attempts. 
Table 1 reports comparisons of the three participant groups in terms of gender and 
education. The non-smoker group had a higher proportion of females than the younger 
smoker group (χ2(1)= 20.1 p < 0.001). The three participant groups did not differ significantly 
in educational attainment. 
Participants in the older smoker group were more likely than those in the younger 
smoker group to be daily smokers and were less likely to be currently not smoking at all 
(χ2(3)= 52.9, p < 0.001).  Participants in the older smoker group were also less likely than 
those in the younger smoker group to be currently vaping (χ2(3)= 29.5, p< 0.001). Of 
participants who were currently vaping, those in the older smoker group were more likely to 
be vaping daily than those in the younger smoker group (45% vs 29%, χ2(1)= 5.21, p = 0.02, 
results not shown in Table 1). 
General knowledge of disease and mortality risks of smoking 
Most participants correctly identified smoking as a major cause of both cancer and 
heart disease and correctly identified smoking as the most likely cause of death for life-long 
smokers. When those three items were considered together, younger non-smokers were 
significantly more likely than younger smokers to be correct for all three (AOR 2.49 (1.73-
3.58), p<0.001), and younger smokers were significantly more likely than older smokers to 
be correct for all three (AOR 0.68 (0.50-0.93), p=0.015). Both results became non-significant 
after adjusting for smoking and vaping experience. 
Around a quarter of all participants made estimates of the mortality risk of smoking 
within the broad range we defined as accurate (ie: 40-70% die prematurely), with no 
significant differences between groups in terms of their likelihood of making accurate  
responses (AOR 1.16 (0.80 -1.68), p = 0.43 and AOR 1.27 (0.90 – 1.80), p =0.18).  




Only two participants (both in the younger smoker group) responded to all four items 
within the accepted ranges. Our initial hypothesis was thus “over-confirmed.” This meant that 
hypotheses 2 to 4 were untestable in original form. Accordingly, we turned to exploring how 
this result might be explained and to developing alternative tests of our hypotheses. 
Across the three participant groups, 43.5% correctly responded that more than half of the 
disease caused by smoking is due to combustion. However, similar numbers responded  with 
“more than half” or ”all or nearly all” for tobacco itself (43.8%) and additives (43.6%), while 
somewhat fewer did so for nicotine (35.1%). This pattern is consistent with the questions 
being answered in terms of concern, rather than being strictly estimates of proportions (which 
should add to one). We also found 48.2% responded with “more than half” or “all or nearly 
all” for two or more component causes (ie: gave reaponses that clearly exceeded one), and 
this rose to 62% when other patterns that clearly exceeded one were included (e.g., three or 
more responses of “about half”). Further, tThe pairwise correlations for the four items were 
all positive, ranging from 0.25 to 0.68  (all p < 0.001).   
Analyses using relative concern. 
As a result of Hypothesis 1 being “over-confirmed”, wWe tested Hypotheses 2 to 5 
using the post-hoc measure of relative concern between combustion and nicotine, which was 
described in detail in the Methods, and we restricted these analyses to the two smoker groups.  
The relative concern measure yielded a relatively even spread of participants across 
the six segments for the two smoker groups (as is shown in Table 3), and responses were 
generally similar between the two smoker groups, with younger smokers somewhat more 
likely to be in the overconcerned segment and somewhat less likely to be in the disengaged 
segment (χ2(5)= 10.8, p=0.06). 
Relationships between relative concern and other measures 
Participants in the disengaged segment differed significantly from participants in the 
other segments on every comparison shown in Table 4. For the knowledge and attitude items, 
this was attributable to the very high proportion of “can’t say” responses. Disengaged 
participants placed the least importance on information from medical experts (χ2(2)= 64.4, p 
< 0.001), were more likely than participants in the main five segments to be exclusively 




less likely to be currently quit (χ2(1)= 8.4, p = 0.004), and the least likely to have made a  quit 
attempt in the past year (χ2(1)= 20.6, p < 0.001). 
Comparisons between the clearly combustion segment and the rest of the “main five” 
provide the best available means for testing the remaining hypotheses. Table 4 shows the 
results of comparisons amongst the main five segments. Participants in the clearly 
combustion segment did not differ significantly from those in the other four segments in 
terms of knowledge of harms and mortality risk, disconfirming Hypothesis 2.  They were also 
not significantly more likely than the rest of the main five to be currently quit (χ2(1)= 1.44, 
NS), or, if currently smoking, to have made a quit attempt within the past year (see Table 4), 
disconfirming Hypothesis 3. They were also no more likely to be currently vaping (χ2(1)= 
0.40, NS), disconfirming hypothesis 4. However, they differed significantly in terms of 
correctly rating the two NRT products and  two vaping products as less harmful than the 
reference cigarette (χ2(1)= 8.5, p =0.004; χ2(1)= 8.6, p = 0.003; χ2(1)= 6.7, p = 0.01; 
χ2(1)=5.4, p =0.02), providing support for Hypothesis 5. In additional analyses, they were 
also significantly more likely than those in the other four segments of the main five to rate 
information from medical experts as very or extremely important (χ2(2)= 14.0, p = 0.001).  
Exploratory analyses of the other relative concern segments  
We theorised that the over-concerned segment would have high motivation to avoid 
both combustion products and nicotine, which should translate into high motivation to quit 
smoking but reluctance to use NRT or vape. By contrast, the under-concerned segment 
would be expected to have low motivation to change their smoking behaviours. What we 
found was largely consistent with these expectations. P participants in the over-concerned 
segment were more likely than the rest of the main five to  agree that smoking is a major 
cause of cancer and heart disease and that it is the main cause of premature death for life-long 
smokers (χ2(1)= 38.7, p < 0.001).  They were also more likely to be currently quit (χ2(1)= 
10.4, p =0.001), although they did not differ significantly on vaping status. They were less 
likely to rate vaping with or without nicotine or using nicotine mouth spray as less harmful 
than smoking (χ2(1)= 8.1, p =0.004; χ2(1)= 7.7, p =0.006; χ2(1)= 5.1, p = 0.02), but did not 
differ from the rest of the “main five” in harm perceptions ratingsof nicotine gum. 
Participants in the under-concerned segment were less likely than participants in the 
remainder of the main five agree that smoking is a major cause of cancer and heart disease 




They were less likely than the rest of the main five to be currently quit (χ2(1)= 8.2, p =0.004) 
but more likely to be currently vaping (χ2(1)= 14.4, p < 0.001). They did not differ 
significantly from the rest of the “main five” in terms of the percentage smoking only. They 
also did not differ significantly from the rest of the main five in their ratings of the 
harmfulness of NRT and vaping.  
Participants in the remaining two segments of the main five – marginally combustion 
and nicotine most – did not stand out on any belief or behaviour measures. It is notable that 
the nicotine most segment were not systematically more negative about the safety of nicotine 
products than the rest of the main five. 
 
DISCUSSION 
While much public discourse about smokers continues to assume that “they know the 
risks they are taking”, our results add to the body of research demonstrating otherwise. We 
found that Australian adult smokers have limited understanding of the risks they face from 
smoking, particularly when it comes to quantifying the risk. While most participants agreed 
that smoking is a major cause of cancer and heart disease, fewer recognised that smoking is 
the main cause of premature death in smokers. Fewer still accurately estimated the mortality 
risk when asked to quantify it. Around a A quarter of participants in the two smoker groups 
underestimated the lifetime mortality risk and this might be associated with lack of 
motivation to quit or switch to another form of nicotine delivery. A smaller proportion 
overestimated the risk. At first glance, that would scarcely be a problem for them. However, 
in some cases, overestimating risks can undermines intention to change, as it can lead to by 
producing “the damage has already been done” fatalism. 
By our original criterion of being able to quantify the relative contributions to 
smoking related disease of the four component causes, fewer than 1% of participants had 
adequate knowledge of the mechanisms by which smoking causes disease. While this may 
have been setting the bar too high, our results using the post-hoc measure of relative concern 
confirmed most participants have limited knowledge and limited ability to apply it to 
practical decision making. While they did somewhat better than participants in other 
segments, e Even participants in the clearly combustion segment did not perform particularly 




combustion is a much greater source of harm than nicotine. This apparent inability to draw 
inferences was most striking in responses to questions about the harms of vaping and using 
NRT. Only a bare majority in the clearly combustion segment responded that using nicotine 
mouth spray is less harmful than smoking and only a third of the  segment responded that 
vaping with nicotine is less harmful than smoking. These results suggest that many smokers 
in the clearly combustion segment retain a strong implicit belief that nicotine is very harmful 
and that thinking about nicotine evokes negative affective associations. Tthese results are 
broadly consistent with both recent US findings (6, 7, 9, 10), and findings from from our 
earlier qualitative research.(26) 
The finding that participants in the under-concerned segment were the most likely to 
be vaping is intriguing. It does not fit with our expectation that participants in this segment 
would be content with continuing to smoke. However, it may fit with a more nuanced model 
of how affect influences thinking and decision making about risks. Appropriate affect is 
critical for making decisions and following through with appropriate action.(30, 33) Strong 
negative affect can produce intention to change behaviour, but the anxiety it can provoke also 
narrows thinking, constraining the search for solutions. This may at least partly explain why 
participants in the unconcerned segment were the most likely to be vaping (although a 
general interest in trying alternative forms of nicotine is also  a plausible). Insofar as they are 
less worried, participants in the  under-concerned  segment may have been more open to 
exploring alternative possibilities.Our findings are largely consistent with our previous 
explanation that the failure to use knowledge is in part a situation-based failure to access that 
knowledge when needed.(26)  Further, even if this knowledge is used by them in their 
everyday lives, it may not  generate the sufficient affect required to outweigh the opposing 
affect generated when responding intuitively toward stimuli.  However, we do not know 
whether the lack of integration of specific knowledge into responses reflects a general 
tendency not to consider logical linkages unless pushed to do so or whether it is something 
that is more likely to occur where logical analysis might lead to conclusions that are 
inconsistent with what the person would like to do. 
Our theoretical analysis points to the importance of encouraging the building of 
coherent conceptual models  separately from situations in which strong evaluative feelings 
are experienced (which may include, say, viewing disturbing public health messages about 
smoking in the media or on cigarette packs). Developing concern before a coherent model is 




experience-based heuristics, in which smokers first experience like or dislike of particular 
products then search for an explanation which will validate those likes and dislikes.(26, 27)   
This kind of decision making often leads to  poor choices for managing health risks. (26, 30)   
Strengths and limitations of the study. 
 The current study was limited to Australia, and it did not include older people who 
have never smoked, long-term ex-smokers or meaningful numbers of current vapers who 
have never smokedWe think it is unlikely that smokers from other countries would be much 
better informed than Australian smokers.  Nonetheless, the study should be replicated with 
smokers from other countries.  
 Another limitation of the study was a lack of measures of potential associates of 
knowledge, including past and intended future use of NRT. This limits our understanding of 
the behavioural consequences of risk perceptions of nicotine in particular. 
There are two major elements of a comprehensive mental model of smoking harms 
that we did not consider in the present study and which should be a focus of future work: 
exposure by inhalation into the lungs versus exposure by deposition in the buccal cavity and 
digestive tract;  and dose-response relationships, including exposure duration and acute 
versus chronic exposure effects.  Future research might also  more explicitly focus on the 
strength of affective reactions to propositions about what is desirable and what should be 
avoided.  
The present study also has significant strengths. By fortuitous discovery, following 
from our inability to test our original hypotheses, the study has opened up promising new 
ground for researching the interactions between the cognitive and affective drivers of 
behaviour change. Also, the survey content was grounded in interviews and focus groups, 
which identified  themes that were important to smokers and ensured use of well-understood 
terms to describe the  matters we were investigating. 
Conclusions: 
We found modest relationships between knowledge of the harms of smoking and their causes. 
We also found weak relationships between that knowledge and  bothbeliefs about less 
harmful alternatives to smoking and actions. People are generally unable to make even rough 




analysis  is correct, it points to the need for  tobacco control programmes to  focus more on 
helping smokers  attain  deeper knowledge (ie, at the level of practical knowledge(17)). It is 
also harder to supress uncomfortable beliefs when we have detailed, emotionally charged 
reasons for considering them. We think there would be benefits if tobacco control messages 
made it clearer that combustion is the main cause of disease and avoided overstating the 
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Table 1. Demographics, smoking and vaping in the three participant groups. All figures are 








C:     Older 
smokers(n=397) 
A vs B and/or B vs C 
group comparisons 
Gender: % male 48.4 65.8 59.2 A vs B: χ2(1) = 20.1, 
p<.001 

























A vs B: χ2 (2) = 3.4, 
p=.32 




Less than daily 






































B vs C: χ2 (2) = 21.2, p 
<.001 
Last quit attempt 
for current smokers 
Within last year 
















B vs C: χ2 (3) = 18.2, 
p<.001 
 
NB: In some comparisons, the 'can't say' responses have not been included so the column 




Table 2. Understanding of general disease and mortality risks of smoking. 
 









A. Types of harm 
Smoking main cause of death:  









Smoking major cause of cancer:  









Smoking major cause of heart 
disease:  









Correct for all three harms items 









Estimated mortality risk 
     under 40% 
     41 to 70% (accurate) 
     Over 70% 
     Can’t say 





















Sources of harm (% believing > half) 
Combustion 49.9% 
AvB χ2(1) = 2.16 p= 
0.17 
44.1% 37.3% 





AvB χ2(1)= 10.54 p 
<.001 
33.2% 27.2% 





AvB χ2(1)= 4.12 p= 
0.05 
42.5% 38.8% 

















Table 3.  A novel recategorisation of respondents based on relative concerns about 
combustion and nicotine. 
Segment* N Under 25 
smokers 
n= 313 




Clearly combustion 113 16.3% 15.6% 15.9% 
Marginally combustion 89 12.5% 12.6% 12.5% 
Nicotine most 166 22.7% 23.9% 23.4% 
Over-concerned 111 17.6% 11.9% 14.2% 
Under-concerned 111 16.9% 14.6% 15.6% 
Disengaged 130 14.1% 21.7% 18.3% 
 
• The six segments are defined in the results section 
























Identifies cancerand heart disease risks and smoking 
as main cause of death 
64.4 60.7 67.9 86.4 51.4 24.1 A: χ2 (1)= 79.3, p<.001 
 B: χ2 (4)= 31.3, p<.001 
Estimated mortality risk from smoking 
<40% 


































A: χ2 (3)= 54.5, p<.001 
B: χ2 (12)= 35.8, p<.001 
% rating as less harmful than reference cigarette: 
       
A, Nicotine gum 
 
B, Nicotine mouth spray 
 
C, Vaping device with nicotine e-liquid 
 

































         27.9 
 








A: χ2(1)= 7.83, p=.005 
B: χ2(4)=7.53, p=.11 
A: χ2(1)=6.66, p=.01 
B: χ2(4)=9.93, p=.042 
A: χ2(1)= .02, p=.88 
B: χ2(4)=14.23, p=.007 
A: χ2(1)= 5.0, p<.03 
B: χ2(4)=11.46, p=.022 
Importance of information from medical experts 




















A: χ2 (2)= 64.4, p<.001 
B: χ2 (4)= 12.1, p=.02 
Current product use 
Current smoker 
 
Current vaper (including dual users) 
 











































A: χ2 (1)= 8.0, p=.005 
B: χ2 (4)= 17.9, p=.001 
A: χ2 (1)= 8.2, p=.004 
B: χ2 (4)= 14.7, p=.005 
A: χ2 (1)= 8.3, p=.004 




Past quit attempts for current smokers 
Within last year 


































A: χ2 (3)= 42.7, p<.001 
B: χ2 (12)= 6.4, p=.897  
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